In the biosynthesis of fatty acids from 1-"C-acetate by intact spinach chloroplasts, ATP and Triton X-100 exert opposing effects on the conversion of palmitic acid to stearic acid; thus, ATP decreases the conversion and Triton X-100 increases the conversion. Changes in the availability of pho- on the process of fatty acid chain elongation (more specifically, the conversion of 16-carbon to 18-carbon chains), or whether this regulation involves only the desaturation reaction which yields oleate from its saturated 18-carbon precursor; second, whether ATP directly regulates oleate synthesis or whether oleate synthesis is actually more critically controlled by the availability of reduced pyridine nucleotides. The latter question is a plausible one since reduced pyridine nucleotide is essential both for oleic acid synthesis and for fatty acid synthesis in general (12). Moreover, high levels of ATP might very well tend to lower the availability of reduced coenzyme, either by retarding noncyclic electron transport (7), or by increasing the utilization of NADPH in ATP-requiring processes such as phosphoglycerate reduction (2). In addition to dealing with these questions, this communication presents data on the control of desaturation by oxygen and by viologen dyes and other hydrogen peroxide-generating systems.
gen dyes, inhibit oleate synthesis from acetate and cause stearate to accumulate. Catalase partially reverses the effect of these dyes.
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The ability of isolated higher plant chloroplasts to synthesize fatty acids has been repeatedly confirmed (11, 20) since its initial demonstration by Smirnov (16) . Noteworthy findings of the early work (19) Fatty acid synthesis has recently been reinvestigated in spinach chloroplasts isolated by techniques which preserve the structural integrity of the chloroplast. In line with previous reports that structurally intact chloroplasts are active in photosynthesis (8, 23) , intact chloroplasts are similarly active in fatty acid synthesis with acetate as the substrate (18) . The relative amounts of the two principal fatty acids normally synthesized, palmitate and oleate, are apparently regulated in part by the intrachloroplastic level of ATP. ATP sharply depresses the synthesis of oleate relative to palmitate, whereas certain conditions which presumably bring about reduced rates of ATP synthesis by slowing the rate of photophosphorylation markedly favor the synthesis of oleate. An especially striking selective acceleration of oleate synthesis is produced by low concentrations of the nonionic detergent Triton X-100 (18), a compound which is known to interfere with photophosphorylation (13 
MATERIALS AND METHODS
Intact chloroplasts (retaining their outer envelopes and thus appearing shiny under phase contrast [14] ) were isolated and then incubated at 20 C for 30 min in white light from an incandescent source (intensity approximately 50 X 103 lax) in the presence of 1 ,uc of acetate-"C. The procedures are described elsewhere (17, 18) . The reaction buffer consisted of 50 mm tricine, 300 mM D(-)sorbitol, 50 mm potassium phosphate, 0.5 mM MgCl,, 0.5 mm coenzyme A, 0.5 mm dithiothreitol, 30 mm sodium bicarbonate, pH 7.9. Total volume of each reaction flask was 1 ml. Chloroplasts were isolated from storebought or greenhouse-grown spinach plants (Spinacia oleracea L.). Rates of fatty acid synthesis per unit chlorophyll were comparable in chloroplasts isolated from store-bought or greenhouse-grown plants. Responses of both types of material to the various experimental treatments were qualitatively similar, although differences in sensitivity were sometimes noted. In general, total fatty acid synthesis in chloroplasts from greenhouse material was less severely inhibited by DCMU and usually more severely inhibited by methyl viologen in comparison to the effects observed with store-bought material.
Lipids were extracted, and total incorporation of acetate-."C was measured as described previously (18) . Methyl esters of the total fatty acids were prepared with the aid of methanolic boron trifluoride (10). The methyl esters were then separated and their "C content counted by gas-liquid chromatography on ethylene glycol succinate or diethylene glycol succinate columns coupled to a Nuclear Chicago Biospan No. 4998 proportional counter. The details of this system are reported elsewhere (18) . In some cases the fatty acid methyl esters were also separated by chromatography on 5% (w/v) AgNOrimpregnated Silica Gel G thin layer plates with hexane-diethyl ether 90:10 (v/v) as the developing solvent. The latter technique confirmed the number of double bonds in the radioactive products.
Synthesis of glyceraldehyde-P plus dihydroxyacetone-P was measured by enzymic analysis of perchloric acid extracts as described elsewhere (3) RESULTS AND DISCUSSION Role of NADPH in Fatly Acid Synthesis. In order to assess the role of ATP and Triton X-100 in regulating oleic synthesis, it was necessary first to determine whether the availability of NADPH could be a controlling factor and whether the effects of ATP and detergent could thus be ascribed to their effects on NADPH levels. To answer these questions, it was necessary to have a means of estimating the availability of NADPH under various conditions. Since the chloroplast envelope imposes a severe permeability barrier towards pyridine nucleotides in structurally intact chloroplasts (5, 15), it was not feasible to measure rates of photoreduction of exogenously supplied NADP+. An indirect assay was therefore employed. This assay involved supplying the chloroplasts with a substrate amount of 3-phosphoglycerate, which easily can penetrate the chloroplast envelope (2), and then measuring its photoreduction to triose-P. The triose-P synthesized was measured by conventional enzymic techniques. Since the conversion of phosphoglycerate to triose-P required ATP as well as NADPH, the rate of triose-P synthesis was measured in the presence as well as in the absence of added ATP. Thus, in the presence of ATP, the rate of triose-P synthesis from phosphoglycerate is related to the availability of NADPH. As illustrated in Table  I , DCMU, a potent inhibitor of noncyclic electron transport (6), severely inhibited triose-P synthesis as would be expected on the basis of its known inhibition of NADPH formation in broken chloroplasts (22) . In the dark, triose-P formation was also severely depressed. Addition of ATP to DCMU-inhibited or dark-incubated chloroplasts did not greatly alter the low rate of triose-P synthesis, indicating that lack of reductant rather than lack of ATP was limiting triose-P synthesis. DCMU depressed total incorporation of acetate into fatty acids, but did not selectively inhibit oleate synthesis (Table   II) . Oleate synthesis thus remained high relative to palmitate under conditions of sharply reduced NADPH availability; however, addition of ATP to DCMU-treated chloroplasts pressed by the presence of phosphoglycerate; indeed, some stimulation was often observed, perhaps owing to the expenditure of ATP in phosphoglycerate reduction which therefore lowered the intrachloroplast level of ATP (Table III) . Since utilization of NADPH in phosphoglycerate reduction failed to suppress fatty acid synthesis, it is possible either that the fatty acid synthesizing enzymes have high affinities for NADPH or that the reductant required for fatty acid synthesis in intact chloroplasts was derived from a pathway which bypasses NADPH. (The total amount of reductant required in fatty acid synthesis is low compared to that required for photosynthesis since only nanomolar amounts of acetate were incorporated into fatty acids. Thus, even if NADPH production was curtailed by > 99%, sufficient amounts might nevertheless still be available to fulfill the requirements for fatty acid synthesis. The data of Table I and Table II indicate that a > 95 % reduction in NADPH availability inhibited lipid synthesis only 45%).
If NADPH availability is largely ruled out as a factor regulating oleate synthesis relative to palmitate synthesis in intact chloroplasts, it then appears that the regulatory role of ATP must consist of some direct (though presently unspecified) effect of ATP upon the chloroplastic enzymes of fatty acid synthesis. Whether Triton X-100 acts solely through control of the intrachloroplastic ATP level is uncertain. Since there has hitherto been no indication that nondetergent uncouplers of phosphorylation can selectively accelerate oleate synthesis, a more specific effect of the detergent, apart from its effect on phosphorylation, may be suspected. To ascertain whether ATP and detergent regulated fatty acid chain elongation rather than only the desaturation process, conditions were designed so that palmitate and stearate were the principal acids synthesized. In the presence of methyl viologen, stearate was the principal C.8 product. This contrasts with the normal situation where oleate is the only radioactive Ca8 product (Fig. 1) . Methyl viologen or "paraquat" is a redox dye of low potential which withdraws electrons from the reducing side of photosystem I of photosynthesis (9, 26) . Following photoreduction, this dye is very rapidly autoxidized, thereby generating H,00. The inhibition of oleate synthesis by methyl viologen was surprisingly selective in that palmitate synthesis usually was not markedly affected. Since stearate accumulated in the presence of methyl viologen, an analysis of the effects of ATP and Triton X-100 on the C,,,-C, ratio could be carried out under conditions where both products were primarily saturated and where photosystems I and II of photosynthesis were both functional. Thus, the effects of Triton X-100 and ATP on the chain lengthening system could be determined without interference from the desaturation reaction mediating the final step in oleate synthesis.
In the presence of methyl viologen, ATP depressed the ratio of stearate to palmitate, whereas Triton X-100 elevated this ratio (Fig. 2) . The effect of Triton X-100 was strongly antagonized by ATP. The small residual synthesis of oleate in the viologen-treated chloroplasts was likewise controlled by ATP and Triton X-100. The observation that the stearatepalmitat2 ratio could be altered by ATP and Triton X-100 in the same manner as the oleate-palmitate ratio (18) suggested that the regulation is exerted on the chain elongation system involving the conversion of C18 to C18.
That Removal of H202 by addition of excess catalase caused a several-fold restoration of oleate synthesis, and a decrease in stearate, when either methyl viologen (Fig. 1) or benzyl viologen was present. Table IV summarizes the effect of catalase in the presence of 0.1 mm methyl viologen and 0.1 mm benzyl viologen. The effect of catalase was apparently associated with the removal of H202 and not with regeneration of oxygen, since addition of ethanol along with catalase (to permit catalase to trap the H,02 by acting peroxidatively rather than catalytically) did not prevent the restoration of oleate synthesis by catalase (Table IV, (Table  IV , experiment A). The greatest selective effect on oleate synthesis was shown by methyl and benzyl viologen; i.e., these dyes caused the most severe inhibition of oleate synthesis with the least inhibition of over-all fatty acid synthesis. The nonphotochemical system employing glucose plus glucose oxidase for generating hydrogen peroxide was the least selective inhibitor of oleate synthesis. Since inhibition of over-all fatty acid synthesis was severe, stearate accumulation, though certainly significant, was comparatively low. Flavin mononucleotide was less selective than the viologens but more selective than the glucose plus glucose oxidase H,Oe-generating system. At present the reason that some H,O,-generating systems inhibit total fatty acid synthesis more than others remains conjectural. Perhaps those compounds generating H10, mainly outside the structurally intact plastids oxidized the coenzyme A in the reaction mixture, thereby decreasing over-all incorporation of acetate into fatty acids. Where inhibition was least selective, and where the bulk of the HD0, was presumably generated outside the intact chloroplasts, catalase completely abolished the accumulation of stearate. In this connection it should be noted that the flavin nucleotides reportedly react most readily with broken chloroplasts (24) , some of which were invariably present in our preparations along with the intact organelles. It seems safe to assume that added catalase did not penetrate the intact chloroplasts.
The Role of Molecular Oxygen in Desaturation. Although earlier work on chloroplast fatty acid synthesis had pointed toward an absolute dependence of oleate synthesis on availability of oxygen (1, 20) , initial attempts repeatedly failed to confirm this dependence in structurally intact plastids prepared as described here (Stumpf, unpublished experiments, 1969) . Removal of atmospheric oxygen by gassing incubation flasks with 0,-free nitrogen caused some suppression of oleate synthesis and led to an accumulation of stearate, but oleate often remained a major C1, product. The finding that considerable oleate synthesis persisted in a nitrogen atmosphere required study to distinguish between two alternatives: (a) that intact chloroplasts possess a heretofore unsuspected anaerobic pathway of monoene synthesis comparable to that present in E. coli (21) , or (b) that the residual oleate synthesis in a nitrogen atmosphere is in fact oxygen-dependent and is supported by oxygen generated inside the chloroplasts by photosynthesis.
Present results suggested that the latter alternative is the correct one. Table V demonstrates that although some oleate GIVAN AND STUMPF synthesis occurred under nitrogen if the 0,-evolving system was not impaired, there was no oleate synthesized whatsoever when the 02-evolving system was inactivated by 20 ,tm DCMU, with reduced indophenol dye serving as the source of electrons instead of water. Thus, as previously reported (1, 20) , oleate synthesis is absolutely dependent on molecular oxygen. Special conditions were required to demonstrate this dependence in intact chloroplasts, however, probably owing to their ability to generate oxygen photosynthetically in the presence of bicarbonate. This ability was presumably not shared by the damaged chloroplasts undoubtedly employed in earlier work, since damaged chloroplasts are known to lose their soluble enzymes of CO, fixation and therefore cannot produce or photoreduce the oxidant (phosphoglycerate) which normally supports photosynthetic oxygen evolution (4, 15, 25) .
Of further interest was the observation that 0.008% Triton X-100 stimulated stearate synthesis from acetate-'4C under anaerobic conditions (Table V , experiment C), thereby supporting the conclusion from the viologen experiments reported earlier in this paper.
In conclusion, the data suggest that (a) ATP decreased and 
